ABSTRACT Multi-star systems are common, yet little is known about a stellar companion's influence on the formation and evolution of planetary systems. For instance, stellar companions may have facilitated the inward migration of hot Jupiters towards to their present day positions. Many observed short period gas giant planets also have orbits that are misaligned with respect to their star's spin axis, which has also been attributed to the presence of a massive outer companion on a non-coplanar orbit. We present the results of a multi-band direct imaging survey using Keck NIRC2 to measure the fraction of short period gas giant planets found in multi-star systems. Over three years, we completed a survey of 50 targets ("Friends of Hot Jupiters") with 27 targets showing some signature of multibody interaction (misaligned or eccentric orbits) and 23 targets in a control sample (well-aligned and circular orbits). We report the masses, projected separations, and confirmed common proper motion for the 19 stellar companions found around 17 stars. Correcting for survey incompleteness, we report companion fractions of 48% ± 9%, 47% ± 12%, and 51% ± 13% in our total, misaligned/eccentric, and control samples, respectively. This total stellar companion fraction is 2.8 σ larger than the fraction of field stars with companions approximately 50 − 2000 AU. We observe no correlation between misaligned/eccentric hot Jupiter systems and the incidence of stellar companions. Combining this result with our previous radial velocity survey, we determine that 72% ± 16% of hot Jupiters are part of multi-planet and/or multi-star systems.
INTRODUCTION
Surveys of Solar-like stars within 25 pc indicate that approximately 44% are found in multiple star systems (Raghavan et al. 2010) . At the same time, recent surveys have sought to quantify planet occurrence rates around solar-type FGK stars (e.g. Howard et al. 2012b; Fressin et al. 2013) . However, the effects of additional stellar companions on the formation and subsequent evolution of planetary systems are not well understood. A stellar companion might disrupt planet formation by stirring up the disk (e.g. Mayer et al.
panion can indeed hinder planet formation. On the other hand, analytic calculations predict that stellar companions would have little effect on planetesimal growth (e.g. Batygin et al. 2011; Rafikov 2013a,b) and current surveys have found a number of planets in binary star systems (e.g. Eggenberger et al. 2007; Raghavan et al. 2010; Kaib et al. 2011; Orosz et al. 2012a,b) . In addition, a stellar companion might cause planets to migrate via three-body interactions, such as the KozaiLidov mechanism or via other secular interactions, resulting in very small orbital distances (e.g. Malmberg et al. 2007a,b; Fabrycky & Tremaine 2007; Morton & Johnson 2011; Naoz et al. 2012 Naoz et al. , 2013 Teyssandier et al. 2013; Petrovich 2015; Storch et al. 2014) . However, the KozaiLidov mechanism is suppressed in multi-planet systems because planet-planet interactions tend to prohibit the libration of the argument of perihelion characteristic of the Kozai-Lidov resonance (Wu & Murray 2003; Batygin et al. 2011) . Finally, stellar companions can also bias our estimates of the properties of transiting planet systems by diluting the measured transit depth, resulting in an underestimate of the planet's radius and a corresponding overestimate of its density.
In this study we focus on a class of short-period gas giant planets known as "hot Jupiters." These planets could not have formed at their current locations, but must have migrated in from beyond the ice lines of their natal disks (e.g. Lin et al. 1996) . However, the mechanism(s) responsible for hot Jupiter migration remain controversial. Current migration models in-clude disk interactions (e.g. Goldreich & Tremaine 1980; Tanaka et al. 2002; Lin & Papaloizou 1986 ) and gravitational interaction with a third body, such as another planet (e.g. Chatterjee et al. 2008; Nagasawa et al. 2008; Wu & Lithwick 2011; Beaugé & Nesvorný 2012; Lithwick & Wu 2014) or a stellar companion. In general, isolated simple disk migration models produce hot Jupiters on circular orbits that are well aligned with the primary star's spin axis, while migration due to a third body leads to hot Jupiters that are often eccentric and/or misaligned with the primary's star spin axis.
Surveys from the past few years (e.g. Winn et al. 2010; Albrecht et al. 2012 ) indicate misaligned hot Jupiters are common-18 out of the 53 hot Jupiters surveyed to date have obliquities that are inconsistent with zero at the three sigma level or higher. As a result, it has been argued that a significant fraction of hot Jupiters may have migrated via three-body interactions such as the the Kozai-Lidov effect, which naturally results in large orbital inclinations (e.g. Morton & Johnson 2011; Li et al. 2014) . If stellar tides can bring misaligned hot Jupiters back into alignment with the star's spin axis (Dawson 2014) , this fraction may be even higher than the current rate suggests. Conversely, Dawson et al. (2015) argue that the lack of high eccentricity Jupiters at intermediate periods in the overall Kepler sample places a strict upper limit on the fraction of hot Jupiters that might have migrated via three-body processes. Misaligned hot Jupiters may also result from migration in a tilted disk, which could be caused by torque from a distant stellar companion (Batygin 2012). Moreover, significant star-disk misalignments may naturally arise from the physical evolution of the star and the disk in a perturbed system (Batygin & Adams 2013; Spalding & Batygin 2014a) . This suggests that a hot Jupiter's obliquity, which can be measured with the Rossiter-McLaughlin effect (Winn et al. 2005) or via Doppler tomography (e.g. Collier Cameron et al. 2010; Brown et al. 2012) , might provide a clue to whether or not a third body has influenced the planetary system. Alternatively, planet-planet scattering could produce misaligned hot Jupiters without requiring the presence of a stellar companion. Dawson & Murray-Clay (2013) also find evidence that high-eccentricity proto-hot Jupiters are more common around metal-rich stars, which presumably are more likely to have formed multiple gas giant planets. Other studies have also suggested that protoplanetary disks in isolation might in fact be tilted by the chaotic nature of star formation (Bate et al. 2010) , the primary star's magnetic torques (Lai et al. 2011) , and stellar surface modulation by internal gravity waves (Rogers et al. 2012 (Rogers et al. , 2013 .
If a significant fraction of hot Jupiters migrate inward and acquire spin-orbit misalignments via three-body interactions, then this necessarily requires the presence of a massive outer planetary or stellar companion in these systems. However, there have not been any studies published to date that have provided a well-constrained estimate of the frequency of bound stellar companions in hot Jupiter systems. A few stellar companions to transiting planet host stars were discovered serendipitously as part of studies intended to better characterize the transiting planet and its host star (e.g. Collier Cameron et al. 2007; Crossfield et al. 2012; Sing et al. 2013 ). Some other works, such as Narita et al. (2010b Narita et al. ( , 2012 report directly imaged stellar companions from adaptive optics (AO) follow-up of known planets but only for one or two transiting gas giant planetary systems. The first systematic surveys for stellar companions to transiting planet systems used the "Lucky imaging" method. These studies focused exclusively on transiting hot Jupiter systems and their sample sizes were small: 14 in Daemgen et al. (2009 ), 16 in Faedi et al. (2013 and 21 in . In addition, many of these surveys observed overlapping target lists.
More recently, there have been a series of studies focusing on the sample of Kepler transiting planet candidate host stars. The two surveys by Lillo-Box et al. (2012 , covering 174 Kepler planet host candidates, is the largest "Lucky Imaging" search to date. Current state-of-the-art direct imaging surveys use adaptive optics to achieve diffraction-limited imaging to allow for better detection and survey efficiency. Adams et al. (2012) , Adams et al. (2013) , Dressing et al. (2014), and Wang et al. (2014b) Unlike previous surveys of hot Jupiters detected by ground-based transit surveys, these imaging surveys were intended to confirm the planetary nature of the transits detected by Kepler and to correct the transit light curves for any dilution due to nearby stars, therefore ensuring accurate planetary radius estimates. Because the typical proper motions of the Kepler stars are quite small, these studies report relative brightness and projected separation for companions but do not attempt to determine whether or not they are bound companions or background objects. The planetary systems in these surveys have a size distribution that reflects that of the Kepler survey as a whole, with the majority of systems consisting of sub-Neptune-sized transiting planets.
In this work, we present a diffraction-limited direct imaging survey of close-in transiting gas giant planets orbiting bright, nearby stars, as part of the "Friends of Hot Jupiters" campaign. These systems are among the most favorable targets for the Rossiter-McLaughlin technique, and the majority of our targets have published measurements of their spin-orbit alignment. By focusing on this sample, we can directly test current hot Jupiter migration models and investigate the origin of their observed spin-orbit misalignments by searching for massive, distant companions in these systems. Our survey uses multiple bandpasses and repeated observations spanning a several year baseline in order to determine whether any directly imaged companions are physically bound. We also use these same data to estimate companion masses and projected physical separations, which are required in order to evaluate the likelihood of specific dynamical evolution scenarios for these systems.
The Friends of Hot Jupiters survey uses multiple companion detection modes to search for planetary and stellar companions around exoplanetary systems. Our sample consists of fifty-one exoplanetary systems that are known to host a transiting gas giant planet with masses between 0.06−11 M Jup and periods between 0.7−11 days. We divide this sample into two sub-samples, consisting of planets that are on misaligned and/or eccentric orbits and a control sample of planets on apparently circular, well-aligned orbits (see Knutson et al. 2014 , for a full description of the sample selection for this survey). We consider targets to be "misaligned" if they host planets with an eccentricity or spin-orbit alignment more than 3 standard deviations away from zero. In Knutson et al. (2014) , we presented our search for long-term radial velocity (RV) accelerations due to distant massive planetary or stellar companions in these systems. We found a total companion occurrence rate of 51% ± 10% for companions with masses between 1 − 13 M Jup and orbital semimajor axes between 1 − 20 AU, with no evidence for a higher frequency of radial velocity companions in systems with eccentric and/or misaligned gas giant planets. In a future paper we will present the results of a complementary search for close-in stellar companions using high resolution K band spectroscopy, which is primarily sensitive to K and M stars within 0.5 ′′ of the primary. In this paper, we present the results of our diffractionlimited direct imaging search. In Section 2, we describe our observations. In Section 3, we summarize the point spread function (PSF) fitting method used to calculate the brightness ratio and positions of the candidate stellar companions, as well as upper limits for companions in systems with non-detections. We then determine whether or not the candidate companions share common proper motion with the primary, and estimate their projected physical separations and masses. In Section 4, we discuss each system individually. In Section 5, we compare our estimated frequency for stellar companions to the results from previous surveys of planet-hosting and field star samples. Finally, in Section 6, we summarize our findings and discuss the implications of our measured companion fraction for the formation of hot Jupiter systems.
OBSERVATIONS
During the AO phase of our survey, we collected data for 50 out of 51 FHJ systems with the NIRC2 instrument (instrument PI: Keith Matthews) on Keck II using K band natural guide star adaptive optics imaging. We were not able to image one target, WASP-19, because its declination, −45.7
• , was too far south to observe with Keck AO. Two of our target systems, HAT-P-8 and WASP-12, turned out to be triple systems, which we previously reported in Bechter et al. (2014) . We obtained observations between February 2012 and October 2014 and our observations are summarized in Table 1 . We used the full array (1024x1024 pixel field of view) on the narrow camera setting (10 mas pixel −1 ) to maximize our spatial resolution. However, for several bright targets (as noted in Table 1 ), we used a subarray to reduce integration times and avoid saturation. We used a threepoint dither pattern to reduce the effects of the NIRC2 array's noisier lower left quadrant and instrumental noise levels while also preserving our sensitivity to companions with higher spatial separations. We aimed for a total of two minutes of on-target integration time per system in position angle mode, where the orientation of the image is kept constant on the detector as the telescope tracks. This technique allows us to detect companions with ∆K of approximately 8 at separations of approximately 1 ′′ . For targets where a potential companion object is seen, we repeat the observations in at least one other filter, such as J or H, in order to obtain color information. We also follow up on targets with detected companions approximately one or more years later to obtain K band astrometric measurements necessary to confirm that the companion is gravitationally bound via a common proper motion analysis. We elect to use K band rather than J or H band for our astrometry because the AO correction is superior at longer wavelengths.
We calibrate our images using dome flat fields and dark frames. We also find and remove image artifacts. We flag flat field pixels that are less than 0.1 times the median as dead pixels and dark frame pixels that are more than 10σ from the median as hot pixels. For each frame, we identify the remaining bad pixels as those with counts that are 8σ outliers compared to the counts in pixels in the surrounding 5x5 box. We replace all the flagged pixels' value with the median of the 5x5 box centered on the flagged pixel. We use these calibrated individual frames in all of our photometric and astrometric analyses. We limit our integrations to stay just below the nonlinear regime for the NIRC2 detector, and use Poisson statistics to determine the uncertainty in our counts. We also create a single, reduced image by aligning the individual frames so that the target star is in the same position and then combine using a median stack. We use the stacked image for our sensitivity calculations.
ANALYSIS OF COMPANION PROPERTIES

Detections
We find 15 binary systems and 2 triple systems, for a total of 17 multi-star systems, out of the 50 systems with AO observations. We show one median-stacked K-band image for each of these detections in Figure 1 . Table 2 summarizes the stellar parameters for all Friends of Hot Jupiters survey targets and the number of companions found around each star.
To measure the flux ratio and on-sky separations for each system, we fit a multiple-source point spread function (PSF) to each calibrated frame.
Following Bechter et al. (2014) , we choose to model the PSF with as a Moffat function with a Gaussian component,
where N * is the number of stars in the image (either 2 or 3); r i = x 2 i + y 2 i is the distance from the i-th star; x i , y i , α i , γ i are parameters that vary with each star and determine the position of the star and the amplitude of the PSF; β takes a single value for all stars and sets the exponent of the Moffat contribution; r s and w each take a single value for all stars and determine the width of the Moffat and Gaussian portions of the PSF, respectively; and b is the background sky level. Hence, the total Table 1 ) for each target was used.
number of free parameters is 4N * + 4. We also only fit a circular aperture of radius 10 pixels around each star. From experimenting with different aperture sizes, we find this radius covered most of the star's flux (the full width half maximum, FWHM, is about 5 pixels) while remaining small enough to avoid counting any remaining bad pixels in the background. We also explored some alternative PSF fitting schemes using a smaller sample from our survey. We tried a Moffat function combined with an elliptical Gaussian model, a purely Gaussian model, and a sinc 2 model. From examining the Bayesian Information Criteria, we find that the best model is the Moffat function with a radially symmetric (circular) Gaussian component.
We find the best fit parameters using a maximum likelihood estimation routine. These best fit parameters determine an analytic form for our PSF model. We compute the flux ratio by integrating the best-fit PSF model over the same circular aperture used in the PSF fitting for each star. We use the difference in the stellar position parameters to compute the horizontal and vertical separation as projected onto the NIRC2 array. We then adjust these separations to account for the well characterized distortion and rotation of the NIRC2 array using the astrometric corrections presented in Yelda et al. (2010) .
We compute the flux ratio and corrected onedimensional separations for each frame. Our best estimate of these measurements for each observation is the median value from all of the frames. We calculate the standard error on the mean and use that as our measurement error. Using the best estimate for the onedimensional separations and the corrected NIRC2 plate scale (Yelda et al. 2010) , we then compute the projected on-sky separation ρ and position angle PA for each detected companion. The NIRC2 astrometric corrections include uncertainties on the distortion, plate scale, and the orientation of the NIRC2 array. Therefore, we include these uncertainties in our total error budget for our measured ρ and PA.
We complete the above analysis to determine the photometry for all detected companions in all bandpasses (J, H, K ′ , K s ) and find the best fitting flux ratio between primary and companion stars in each band, reported as a difference in magnitudes in Table 3 . We then compute the apparent magnitudes of the companion stars in all bands as well as the colors of the companion stars. In order to do this, we require the apparent magnitudes of the primary star, which we obtained from the 2MASS catalog (Skrutskie et al. 2006) . Table 4 shows the full multiband photometry of our detected companion stars. For our astrometric analysis, we only use K-band data and report the best fit separations and position angles in Tables 5.
3.2. Common proper motion confirmation Our next step is to determine whether or not our candidate companions share common proper motion with the primary star, indicating that they are bound companions rather than background sources in the same line of sight. If the detected companion is actually a very distant background star, it will remain effectively stationary while the closer primary star moves across the sky as dictated by its parallax and proper motion. We would therefore expect that a background object would display a time-varying separation and position angle relative to the primary star, while a bound companion will maintain a constant separation and position angle.
We calculate the "background track" (i.e. the evolution of the companion's separation and position angle as a function of time if it was a background object) as shown in Figures 2 and 3. We compute the primary star's parallactic motion using the celestial coordinates of the primary star from the SIMBAD database and the Earth ephemerides from the JPL Horizons service. The primary star's proper motion and uncertainties are also taken from the SIMBAD database. When determining the background tracks, we account for uncertainties in the primary star's celestial coordinates, proper motion, and parallax in addition to our measurement uncertainties in separation and position angle. We run a Monte Carlo routine to calculate the uncertainty in the background tracks. The 68% and 95% confidence regions for the separation and position angle evolution are shown as shaded regions in Figures 2 and 3. We use the measurement with the smallest uncertainty in separation and position angle as the starting point for our track.
After creating these background tracks, we next overplot the measured companion separation and position angle at each epoch from Tables 5, 6 , and 7. Several of our candidate companions were detected in previous imaging surveys; when available, we also show the separations and position angles from these earlier studies. We provide a complete list of these previously published detections in Tables 6 and 7 , and discuss individual systems in more detail in section 4.2. In Figures 2 and 3, measurements from this study are plotted as circles while measurements from other studies are plotted as squares.
Based on these measurements, we conclude that all but two of our detected candidate companions must be bound to the host star. The exceptions are the second candidate companion seen around HAT-P-7 and the candidate companion seen around HAT-P-15. Our followup observations determined these candidate companions to be background objects. Due to the small projected physical and angular separations of our companion candidates, our result that the majority of our candidates are physically bound companions is consistent with other direct imaging surveys that confirm association via multi-epoch detections (e.g. Eggenberger et al. 2007; Bowler et al. 2015) or via galactic crowding estimates (e.g. Adams et al. 2012) . We report confirmed common proper motion companions in Figure 2 and Tables 5 and 6. The two background objects are reported separately in Figure 3 and Table 7 . We discuss each system individually in the Section 4 below.
Masses and separation
For each confirmed companion-primary pair, we compute a flux ratio based on the stars' physical parameters,
where the subscripts p and c refer to the primary and companion stars, respectively, I(λ, T, log g) is the star's specific intensity, T is the star's effective temperature, log g is a measure of the stellar surface gravity, R(λ) is the response function of the NIRC2 filter, and r is Table 5 , while measurements from previous studies are plotted as squares and shown in Table 6 . Detected companions can be ruled out as background objects if either their separation or position angle are inconsistent with the background track. The two triple systems, HAT-P-8 and WASP-12, have each of their companion candidates plotted separately. Because the individual analysis for WASP-12B and WASP-12C cannot conclusively confirm or rule out common proper motion, we also plot the astrometric measurements for the center of mass for the combined light of both companions as WASP-12BC. All objects in this figure are determined to be common proper motion companions to their primary star.
the stellar radius. In order to determine I(λ, T, log g), we interpolate the gridded PHOENIX synthetic spectra ( We use previously published measurements for the primary star's mass, radius, effective temperature and distances as listed in Table 2 and fit for the companion star's effective temperature, T c by matching the observed flux ratio with the computed flux ratio from Equation 2. In order to calculate the flux from a companion with a given effective temperature, we use the zero-age main sequence models from Baraffe et al. (1998) to match each effective temperature with a corresponding radius and surface gravity, and then calculate the corresponding flux ratio using Equation 2. After determining the best-fit companion temperature, we calculate the corresponding uncertainty as the sum in quadrature of the uncertainties contributed by the flux ratio measurement error and the reported primary star temperature, surface gravity, and Table 7 . The top plot shows the astrometric measurements for the second candidate companion to HAT-P-7, with circles showing our data and squares showing the four measurements for the "western companion" reported in Narita et al. (2012) . The bottom plot shows the astrometric measurements for the candidate companion to HAT-P-15. The data rules out a bound companion conclusion for both of these candidates.
radius. We determine uncertainties for these parameters from uncertainties in our flux ratio measurement and primary star's temperature, radius, and log g. We do not include any uncertainties introduced through use of the stellar model or the PHOENIX model spectra.
Finally, we convert our measured projected on-sky separations to projected spatial separations using the stellar distance. Unfortunately most of our stars don't have measured parallaxes; for these systems we generally used a spectroscopic distance estimate based on the derived stellar properties combined with the star's apparent magnitude.
We calculate an estimated temperature for each candidate companion using either the J, H, or K band photometry, and find that these three independent temperature estimates are consistent with a late-type main sequence star in each filter. This indicates that all of the detected companions have infrared colors consistent with their inferred effective temperatures. In Table 8 , we report the error-weighted averages of the companion stellar parameters from all three bands as well as temperature estimates using data from individual bands. We conclude that our detected companion stars have colors consistent with a late-type main sequence star in the same system rather than being a distant early-type star in the background. We calculate contrast curves for our target stars as follows. First, we measure the FWHM of the central star's PSF in the stacked and combined image, taking the average of the FWHM in the x and y directions as our reference value. We then create a box with dimensions equal to the FWHM and step it across the array, calculating the total flux from the pixels within the box at a given position. The 1σ contrast limit is then defined as the standard deviation of the total flux values for boxes located within an annulus with a width equal to twice the FWHM centered at the desired radial separation. We convert our absolute flux limits to differential magnitude units by taking the total flux in a box of the same size centered on the peak of the stellar point spread function and calculating the corresponding differential magnitude at each radial distance. We show the resulting 5σ average contrast curve for these observations in Figure 4 .
SYSTEMS WITH DETECTED COMPANIONS
4.1. New physically bound companions Seven out of our 17 targets with detected companions (HAT-P-10, HAT-P-14, HAT-P-16, HAT-P-24, HAT-P-33, WASP-3, and WASP-14) have not been previously reported to have a directly imaged stellar companion. Here, we discuss each of these systems individually and report error-weighted averages of corresponding measurements in Tables 5 and 8 .
HAT-P-10
HAT-P-10 hosts a transiting gas giant planet with a mass of 0.5 M Jup and an orbital semimajor axis of of 0.04 AU (Bakos et al. 2009a ). HAT-P-10b does not have a published Rossiter-McLaughlin measurement constraining its spin-orbit measurement, but its eccentricity is consistent with zero (Bakos et al. 2009a; West et al. 2009 ). We therefore placed this system in our control sample. We report a 0.36 M ⊙ ±0.05 M ⊙ stellar companion at a projected separation of 42 AU±2 AU. In the first paper of the Friends of Hot Jupiter survey (Knutson et al. 2014 ), HAT-P-10 was found to have a detected radial velocity trend that is consistent with the mass and separation of the directly imaged companion reported in this work. We show that HAT-P-10B is a common proper motion companion. Although there are three other systems with both radial velocity trends and a directly imaged stellar companion, this is the only such target where the stellar companion might plausibly explain the observed trend (Knutson et al. 2014 ).
HAT-P-14
Torres et al. (2010) report a transiting gas giant planet around HAT-P-14 with a mass of 2.2 M Jup and an orbital semimajor axis of 0.06 AU. We placed this system in our misaligned sample because this planet has an eccentricity of 0.12 ± 0.02 (Knutson et al. 2014 ) and a spinorbit angle of −171
• ± 5
• ). We find a 0.20 M ⊙ ± 0.04 M ⊙ stellar companion to HAT-P-14 at a projected separation of 180 AU ± 10 AU. Our observations in 2012 through 2014 confirm that HAT-P-14B is a common proper motion companion.
HAT-P-16
HAT-P-16 hosts a transiting gas giant planet with a mass of 4.2 M Jup and an orbital semimajor axis of 0.04 AU . Moutou et al. (2011) measured a spin-orbit angle consistent with zero but Knutson et al. (2014) measures a planet orbital eccentricity of 0.04 ± 0.01 so we placed this system in our misaligned sample. We report a 0.19 M ⊙ ± 0.03 M ⊙ stellar companion to HAT-P-16 at a separation of 160 AU ± 10 AU. From our detections in February 2012 and August 2013, we are able to confirm that HAT-P-16B is a common proper motion companion.
HAT-P-24
Kipping et al. (2010) report a transiting gas giant planet around HAT-P-24 with a mass of 0.7 M Jup and an orbital semimajor axis of 0.05 AU. They also find the planet's eccentricity to be consistent with zero and Albrecht et al. (2012) find evidence for a well-aligned orbit, so we placed this target in our control sample. We report a 0.33 M ⊙ ± 0.03 M ⊙ stellar companion to HAT-P-24 at a separation of 2000 AU ± 100 AU. From our detections in February 2012 and May 2013, we are able to confirm that HAT-P-24B is a common proper motion companion.
HAT-P-33
HAT-P-33 is a planetary system with a transiting gas giant planet with a mass of 0.8 M Jup and an orbital semimajor axis of 0.05 AU (Hartman et al. 2011c ). We placed this system in our control sample because HAT-P-33b has an eccentricity consistent with zero (Hartman et al. 2011c) and no published spin-orbit angle measurement. We report a 0.55 M ⊙ ±0.03 M ⊙ stellar companion to HAT-P-33 at a separation of 119 AU ± 3 AU. From our detections in February 2012 and March 2013, we are able to confirm that HAT-P-33B is a common proper motion companion.
WASP-3
WASP-3 hosts a transiting gas giant planet with a mass of 1.8 M Jup and an orbital semimajor axis of 0.03 AU (Pollacco et al. 2008 ). WASP-3b has an eccentricity consistent with zero (Pollacco et al. 2008; Gibson et al. 2008 ) and a measured spin-orbit angle consistent with zero (Tripathi et al. 2010) so we placed this target in our control sample. We report a 0.108 M ⊙ ± 0.006 M ⊙ stellar companion to WASP-3 at a separation of 300 AU ± 20 AU. From our detections in June 2012, July 2012, and May 2013, we are able to confirm that WASP-3B is a common proper motion companion.
WASP-14
Joshi et al. (2009) report a transiting gas giant planet around WASP-14 with a mass of 7.3 M Jup and an orbital semimajor axis of 0.04 AU. This system is in our misaligned sample because the planet has an eccentricity of 0.082 ± 0.003 (Knutson et al. 2014 ) and a spin-orbit angle of −33
• ± 7
• (Johnson et al. 2009 ). We report a 0.33 M ⊙ ± 0.04 M ⊙ stellar companion to WASP-14 at a separation of 300 AU ± 20 AU. From our detections in July 2012 and March 2013, we are able to confirm that WASP-14B is a common proper motion companion.
Companions reported in previous studies
The remaining ten stellar companions were detected in previous studies, although not all systems were confirmed to be physically bound. We discuss each system individually below, with measurements reported in Table 6.
HAT-P-7
HAT-P-7 hosts a transiting gas giant planet with a mass of 1. Narita et al. (2012) determined this detected stellar companion HAT-P-7B is common proper motion companion. Our own detections in 2012 through 2014 are also consistent with this conclusion. In addition, Narita et al. (2012) also reported a second directly imaged stellar companion (a "western companion") in four of their images (spanning the same dates as above) with a separation of 3.1 ′′ ± 0.1 ′′ and a position angle of 265.9
• ± 0.4
• . They were unable to confirm that this object is bound to the primary. We were able image this second companion on three out of the four nights we observed HAT-P-7. Our analysis (Figure 3 ) concludes that this second companion is actually a background object and therefore not physically bound to the other two stars. This target is one of four systems with both a directly imaged stellar companion and a long term radial velocity trend, as reported in Knutson et al. (2014) . However, our resolved stellar companion, at a projected separation of 1240 AU±70 AU, is too distant to explain the observed radial velocity trend.
HAT-P-8
Mancini et al. (2013) report a transiting gas giant planet around HAT-P-8 with a mass of 1.3 M Jup and an orbital semimajor axis of 0.04 AU. They also report the planet's eccentricity to be consistent with zero and its spin-orbit angle has been measured to be consistent with zero (Simpson et al. 2011; Moutou et al. 2011 ). Thus, we placed this system in our control sample. In our survey, we find two stellar companions for HAT-P-8. These companions were previously detected by in 2009 but their photometry did not resolve the two stars and they instead reported a single companion. We resolve these two stars in our Keck images, which were published in Bechter et al. (2014) . Bechter et al. (2014) followed up on this target in 2012 and 2013 and find that both stellar companions has common proper motion with the primary. In this work we present a new set of observations, also taken in 2012 and 2013, which also indicate that HAT-P-8 is a physically bound triple system. We do not use the unresolved astrometric measurements from (2014) and this survey were enough to confirm common proper motion.
HAT-P-30
HAT-P-30 is a planetary system with a transiting gas giant planet with a mass of 0.7 M Jup and an orbital semimajor axis of 0.04 AU (Johnson et al. 2011) . Although they measure the planet's eccentricity to be consistent with zero, they also measure a spin-orbit misalignment of 74
• ± 9
• . We therefore placed this target in our misaligned sample. Our detected stellar companion is consistent with the companion reported by Adams et al. (2013) , observed between 2011 Oct 9-11. With only one detection, they were unable to confirm common proper motion. We found this companion in 2012 and followed up in 2014. Our data confirm that the companion HAT-P-30B is indeed bound. We do not use the Adams et al. (2013) measurement in this analysis as they did not report uncertainties on their measured separation and position angle.
HAT-P-32
HAT-P-32 hosts a transiting gas giant planet with a mass of 0.9 M Jup and an orbital semimajor axis of 0.03 AU (Hartman et al. 2011c ). HAT-P-32b has an eccentricity consistent with zero (Hartman et al. 2011c ) but a mesaured spin-orbit misalignment of 85
• ± 2
• (Albrecht et al. 2012) so we placed this system in our misaligned sample. Our detected stellar companion is consistent with the stellar companion reported by Adams et al. (2013) , observed between 2011 Oct 9-11. As with HAT-P-30, they were unable to measure the proper motion for this companion. We found this stellar companion in 2012 and followed up in 2013. Our data confirms that HAT-P-32B is indeed bound. We do not use the Adams et al. (2013) measurement in this analysis as they did not report uncertainties in the measured separation and position angle. This target is also one of four targets with both a directly imaged stellar companion and a long term radial velocity trend, as reported in Knutson et al. (2014) . However, our resolved stellar companion, at a projected separation of 830 AU± 20 AU, is too distant to explain the observed radial velocity trend.
TrES-2
Barclay et al. (2012) report a transiting gas giant planet around TrES-2 with a mass of 1.4 M Jup and an orbital semimajor axis of 0.04 AU. They also report a planet eccentricity consistent with zero and Winn et al. (2008a) report a spin-orbit angle consistent with zero so we placed this target in our control sample. Our detected stellar companion for TrES-2 is consistent with the three previous detections reported by Daemgen et al. (2009 , and between 2007 and 2009. These studies were not able to measure the proper motion of the companion in order to determine whether or not it was bound to TrES-2. Our measurements from 2012 and 2013 show that TrES-2B is a common proper motion companion.
TrES-4
TrES-4 is a planetary system with a transiting gas giant planet with a mass of 0. They did not report any uncertainties nor did they provide a numerical positional angle. Thus, we are unable to include this observation in our analysis. However, these values are consistent with the reported separation and position angle from our observations in 2012, 2013 and 2014. Our measurements confirm that WASP-1B is a common proper motion companion.
WASP-2
There is a transiting gas giant planet around WASP-2 with a mass of 0. (2013) also did not include uncertainties so we omit this measurement as well. combined their observations with previous studies to conclude that the stellar companion must be bound to the primary. Our own measurements from 2012 and 2013 also indicate WASP-2B is a common proper motion companion.
WASP-8
WASP-8 is a planetary system with a transiting gas giant planet with a mass of 2.2 M Jup and an orbital semimajor axis of 0.08 AU (Queloz et al. 2010) . Knutson et al. (2014) reports the planet's eccentricity to be 0.304±0.004 and the discovery paper measures a spin-orbit misalignment of −123
•+3
• −4 • . Therefore, we placed this planet in the misaligned sample. This paper also reported a stellar companion for WASP-8 consistent with our own observations in 2012 and 2013. They did not provide a date for their observation, so we do not use their measurement in our analysis. However, they note that this companion was mentioned in the Washington Double Star Catalog (Mason et al. 2001 ) from 70 years ago at the same position. They conclude that WASP-8B is a common proper motion companion. Our data also rules out a background object and supports the conclusion of Queloz et al. (2010) . This target is one of four targets with a directly imaged companion and also a long term radial velocity trend, as reported in Knutson et al. (2014) . However, our resolved stellar companion, at a projected separation of 380 AU ± 50 AU, is too distant to explain the observed radial velocity trend. (2014) . The first two studies were not able to resolve the two stellar companions for WASP-12 but did detect a single source at the same position. noted that the source was elongated and Crossfield et al. (2012) obtained a spectrum for the companion, which they used to estimated its effective temperature and surface gravity. They concluded that the observed source must be a foreground object as it was otherwise significantly brighter than expected for its spectral type. Sing et al. (2013) was the first to report images of the two resolved stellar companions but did not provide any astrometric measurements so we do not include this data point in our analysis. The two observations reported in Bechter et al. (2014) are part of the Friends of Hot Jupiters survey. We independently analyzed the data and our results are consistent with the measurements reported in Bechter et al. (2014) . Our measurement uncertainties are lower as we account for the NIRC2 distortion; thus we use the measurements reported in this work for our analysis. We also recently discovered a more precise distance estimate for this star in Triaud et al. (2014) , which we use to replace the value from our previous papers. Despite these improvements, we find that our 2012 and 2013 data points are insufficient to rule out the possibility of a background source (see astrometric plots for WASP-12B and WASP-12C separately in Figure 2 ; these plots do not include the combined light astrometric measurements). However, when considering previously reported combined light measurements for this system our analysis indicate the center of mass of WASP-12BC has common proper motion with the primary, consistent with our conclusions in Bechter et al. (2014). 4.3. Candidates determined to be background objects As discussed in Section 4.2.1, we found that the second candidate companion to HAT-P-7 reported in Narita et al. (2012) and followed up in our survey was a background object (see Figure 3 and Table 7 ), so HAT-P-7 is simply a binary system.
We also detect a candidate companion to HAT-P-15 on 2 February 2012 with ∆K ′ = 5.77 ± 0.05, a separation of 7.100 ′′ ± 0.002 ′′ and position angle of 58.6
• ± 0.1 • . Due to the large separation of this object to HAT-P-15, the object was only visible in one of our dither positions in our first epoch, resulting in relatively large astrometric uncertainties. We followed up with a second epoch on 3 October 2014 and did not find an object in the same position. However, we did find an object with ∆K s = 8.2 ± 0.9, a separation of 6.387 ′′ ± 0.008 ′′ and position angle of 58.0
• ± 0.1 • . Physical association of these two detections are ruled out by our astrometric analysis (see Figure 3 and Table 7 ). In addition, the location of these detections are also inconsistent with both detections being the same object. Thus, we conclude that we imaged two different background or foreground objects in the two epochs and exclude this target from our list of bound companions.
Non-detections
For the remaining 32 targets, we did not find any candidate companions within the 5.5 ′′ NIRC2 field of view. For two of these targets, previous studies have found directly imaged companions at larger separations. Mugrauer et al. (2014) reports a common proper motion companion to the south of HAT-P-4 with a separation of 91.8 ′′ . reports a candidate companion to XO-3 with a separation of 6.059 ′′ ± 0.047 ′′ and a position angle of 296.7
• ± 0.3
• . This companion is also very faint (∆z ′ = 8.22 ± 0.23 and ∆i ′ = 8.57 ± 0.24) and note that it is unlikely that the detected object is a bound companion. This companion would not be visible in our survey due to its faintness and our survey's FOV, given our 3-point dither pattern.
COMPANION FRACTION
We find bound stellar companions around 17 out of the 50 targets observed, corresponding to an overall raw companion fraction of 34% ± 7%. We find that 9 out of Figure 5 . For each target, we plot the weighted average of companion masses and projected separation from all epochs reported in Table 8 . Only one point is plotted for each of the triple systems. We plot targets with a non-zero spin-orbit angle measured using the Rossiter-McLaughlin (RM) effect as black diamonds, targets with spin-orbit angles consistent with zero as red circles, and targets without any spin-orbit angle measurement as open squares. The two objects without a RM measurement are HAT-P-10b and HAT-P-33b; both have orbital eccentricities consistent with zero so we placed them in the "control" sample. Companions that lie above and to the left of the solid, dashed, and dotted lines are sufficiently massive and close enough to excite Kozai-Lidov oscillations and overcome general relativity pericenter precession for giant planets at 1 AU, 2.5 AU and 5 AU, respectively. 27 stars with planets on misaligned or eccentric orbits have stellar companions, yielding a raw stellar companion fraction of 33% ± 9%. We also find that 8 out of 23 stars with planets on well-aligned or circular orbits have stellar companions, corresponding to a raw stellar companion fraction of 35%±9%. Figure 5 plots the physical separation of detected companions versus their mass ratios. Companions to stars with measured spin-orbit misalignment are shown in black, companions to stars with measured spin-orbit angles consistent with zero are shown in red, and companions to stars with no spinorbit angle measurement (HAT-P-10 and HAT-P-33) are shown as open squares. We find no evidence for a difference in the typical mass ratios or projected separations between misaligned and well-aligned targets. Figure 5 also plots lines to show the minimum companion mass necessary to excite Kozai-Lidov oscillations at a timescale short enough to overcome pericenter precession due to general relativity. For these representative lines, we use a central stellar mass of 1 M ⊙ , a planetary mass of 1 M Jup , and assume a circular orbit for both planet and companion star. We plot these limits for initial planet semimajor axis distances of 1 AU, 2.5 AU and 5 AU (solid, dashed and dotted lines, respectively). These lines are computed by equating the timescales for the Kozai-Lidov oscillation and general relativity pericenter precession, using Equations 1 and 23 from Fabrycky & Tremaine (2007) . These expressions scale as 1 − e 2 , so they are not strongly affected by our assumption of circular orbits. All companions that lie above and to the left of these lines are sufficiently massive and close enough to excite Kozai-Lidov oscillations on the planet. We find that the majority of our detected companions could potentially excite Jupiter-mass planets that form within 5 AU.
Survey incompleteness correction
In order to make a reliable estimate of the companion fraction for our sample, we must correct for our survey incompleteness. For each of our 50 targets, we determine our survey's sensitivity to companions with various mass ratios and orbital semimajor axes. We create a 50x50 grid of linearly spaced bins in mass ratio and logarithmically spaced bins in semimajor axis out to the distance that corresponds to a separation of 5.5
′′ . For each grid point, we generate 1000 fake companions with a mass and semimajor axis within the grid point limits. We draw the companion's orbital eccentricity from a uniform distribution derived from surveys of field star binaries (Raghavan et al. 2010 ) and we randomize the remaining orbital elements. Then, for each fake companion, we compute the projected angular separation and brightness ratio and compare to that target's 5σ contrast curve to determine whether or not our survey would have been able to detect that fake companion. Thus, we compute our survey sensitivity for star i for companions in the grid point corresponding to mass ratio m r and semimajor axis a to be D i (m r , a).
We then compute the total average sensitivity, or survey completeness, for star i as S i by taking the average of all D i (m r , a) values weighted by the frequency of a companion with each m r and a: f (m r , a). Raghavan et al. (2010) determines f (m r , a) to be a log-normal distribution in period (which is a function of m r and a). We use this distribution to compute each target star's survey sensitivity as:
where we integrate over the range of our survey. We are sensitive to companions with periods between 10 4 days and 10 7.5 days, which approximately corresponds to semimajor axes between 50 AU and 2000 AU.
We use our estimate of survey completeness for each star to compute the likelihood L of obtaining our data set of N d detected companions out of N survey targets as
where η is the true companion fraction and the product sum over i is for the targets with a detected companion while the product sum over j is for the targets without a detected companion. We define companion fraction as the fraction of stars with at least one stellar companion within our survey range. We use the Affine-Invariant Markov Chain Monte Carlo scheme implemented by the python package "emcee" (Goodman & Weare 2010; Foreman-Mackey et al. 2013) to determine the posterior probability distribution of η. Our prior on η is uniform between η = 0 and η = 1. In addition, we assume that we are 100% complete for targets where we have detected at least one companion because we expect all triple or higher order systems to be hierarchical. That is, we set all S i = 1.0 but still compute S j as described in Equation 3. This assumption is Figure 6 . A comparison of the posterior probability density of the fraction of stars with at least one companion, η, for our total sample, our misaligned sample, our control sample, and for solar type field stars in the solar neighborhood (Raghavan et al. 2010) . Only companions with periods between 10 4 days and 10 7.5 days are considered.
supported by the two hierarchical systems detected by our survey and by previous studies (e.g. Eggleton et al. 2007) .
We find that the companion fraction is η T = 49% ± 9% for our total sample, η M = 48% ± 12% for our misaligned sample, and η C = 51% ± 13% for our control sample. These posterior distributions are shown in Figure 6 . These fractions are consistent with one another and we therefore conclude that there is no evidence for a correlation between the presence of a stellar companion and the orbital properties of the transiting gas giant planet.
We compare the companion fraction for hot (T eff > 6200 K) and cool primary stars and find that hot stars have a higher companion rate, at the 2.9 σ level. We find the companion fraction for hot stars to be 75%±14% and the companion fraction for cool stars to be 34% ± 10%. This difference is consistent with surveys of stellar multiplicity, which indicate that more massive stars have higher binary fractions (e.g. Duchêne & Kraus 2013). Surveys of hot Jupiter obliquities indicate that misaligned hot Jupiters are preferentially located around stars hotter than 6200 K, which may be due to more efficient tidal damping of primordial spin-orbit misalignments in systems with cooler host stars (Schlaufman 2010; Winn et al. 2010; Albrecht et al. 2012) . We test this hypothesis by recalculating the companion fractions for our two sub-samples using only stars hotter than 6200 K, where planets should still retain their primordial spin-orbit orientations. We find that hot stars in our misaligned sample have a companion fraction of 59% ± 17%, while hot stars in our control sample have a companion fraction of 83% ± 14%. These fractions are consistent at the 1.7 σ level.
We also consider the companion fractions for the 35 stars in our sample with published measurements of spinorbit alignment from the Rossiter-McLaughlin effect. We find the companion fraction for stars with a non-zero spin-orbit angle to be 73% ± 15% while the companion fraction for stars with a spin-orbit angle consistent with zero is 53% ± 14%. These fractions are consistent at the 1.4 σ level.
When we examined these same targets using the radial velocity technique we found that 51% ± 10% had companions with masses between 1 − 13 M Jup on long period orbits (Knutson et al. 2014) . Aside from HAT-P-10, where the directly imaged stellar companion is consistent with the measured RV acceleration, we find no evidence for any correlation between the presence of a stellar companion and a measured RV acceleration. Approximately 1/3 of our target stars have a detected stellar companion and 1/3 have a radial velocity acceleration, so we would therefore expect to see approximately one-ninth of the stars in our sample with both types of companions. We detect four such systems including HAT-P-10. We therefore conclude that the rates of stellar and radial velocity companions appear to be independent of one another and sum the two in quadrature to obtain a combined stellar and planetary occurrence rate of 72% ± 16%.
Comparison with other direct imaging surveys
We compare this companion fraction to the results from other surveys for stellar companions to planet hosts and field stars. These surveys are summarized in Table 9. Our survey results are consistent with previous direct imaging surveys for stellar companions to transiting gas giant planet hosts Adams et al. 2013 ). These previous surveys had small sample sizes; the largest sample size was 21 stars . Our results are also consistent with the result of infrared direct imaging surveys of Kepler transiting planet candidate hosts (Adams et al. 2012 (Adams et al. , 2013 Dressing et al. 2014; Lillo-Box et al. 2012 Wang et al. 2014b) . Except for Wang et al. (2014b) and Horch et al. (2014) , none of the above surveys quantify their completeness and their numbers are closer to our uncorrected companion fraction. In addition, these surveys have quite widely varying sensitivities that may contribute to the large observed scatter in measured companion fraction. Figure 7 compares the companions reported in this work with these diffraction-limited near-infrared AO surveys. As companion masses are not always reported, we plot the difference in magnitude versus angular separation for all reported companions. Our survey is primarily sensitive to companions within 5 ′′ while the others consider companions at larger separations. In addition, our survey is able to detect companions that are approximately 2 magnitudes fainter than these previous studies at separations less than 2 ′′ . Because the Kepler candidate host stars are on average significantly more distant than our target stars, these surveys were unable to distinguish between background objects and bound stellar companions. This also means that the Kepler surveys are less sensitive to stellar companions at small projected physical separations. We also limit our survey to systems with short-period transiting gas giant planets, while the Kepler planet candidate sample is dominated by much smaller planets, many of which are in compact multiplanet systems.
The direct imaging surveys conducted at visible wavelengths (Law et al. 2014; Gilliland et al. 2015; Horch et al. 2014 ) report smaller companion fractions than our survey and other NIR surveys. This is not Figure 7 . The difference in magnitude (J or Ks) for our confirmed physically associated companions compared to companion candidates from other near-infrared direct imaging surveys and a representative 5 σ contrast curve from our survey. Our survey is more sensitive to faint companions at small separations. The published surveys shown here target Kepler planet candidate host stars, which are on average three times more distant than our targets. Thus, our survey finds companions at smaller projected physical separations as well.
surprising, as the majority of our detected companions are M stars that would be much fainter at optical wavelengths. These surveys also have relatively small fields of view, which would also contribute to a lower detection rate for companions as compared to the wide-field infrared surveys.
We note that our results for the multiplicity rate of hot Jupiter host stars may also have implications for the ongoing debate about the origin of the discrepancy between hot Jupiter occurrence rates from radial velocity and transit surveys. Wang et al. (2014a) point out that hot Jupiter occurrence rates in Kepler surveys are approximately two to three times smaller than hot Jupiter occurrence rates in Doppler planet surveys. Because the Kepler survey does not filter multi-stellar systems from its target list, Wang et al. (2014a) suggest that one potential cause for the discrepancy may be that these companion stars are suppressing the formation of all planets, including hot Jupiters, in the Kepler sample. Wang et al. (2014b) also finds that planets are 1.7 ± 0.5 times less likely to form in a system with a stellar companion within 1000 AU. However, we find that half of all hot Jupiters are found in stellar binaries, indicating that stellar multiplicity does not inhibit the formation of these systems for cases where the stellar companion is on an orbit approximately 50-2000 AU.
Comparison with field stars
Finally, we compare our companion fraction to the measured multiplicity rate for Solar-type field stars. The most recent survey (Raghavan et al. 2010) reports that 44% ± 2% of Solar-type stars within 25 pc are in multiple star systems, which is in good agreement with previous results from Duquennoy & Mayor (1991) . This value is corrected for survey completeness. This fraction includes companions with separations too small to resolve with direct imaging or too wide to be found within our survey's field of view. Thus, we only consider the companions from Raghavan et al. (2010) with periods between 10 4 days and 10 7.5 days, which corresponds to physical separations of approximately 50 AU and 2000 AU. If we select only the subset of binaries from Raghavan et al. (2010) that fall within this period range, we find that the fraction of field stars with stellar companions is 24%±1%. This is 2.8 σ smaller than our estimated companion frequency for systems with short period gas giant planets, suggesting that the presence of a stellar companion increases the likelihood that a gas giant planet will migrate inward to a relatively short period orbit.
SUMMARY
We found nineteen companions around seventeen targets, including two triple systems, HAT-P-8 and WASP-12, which we previously reported in Bechter et al. (2014) . We measure the proper motions for all detected companions and confirm that they are physically bound to the planet-hosting primary stars. We report seven new multiple star systems with transiting giant planets and provide follow-up observations for ten previously reported candidate multi-star systems. Our follow-up observations allowed us to confirm the bound nature of three previously detected candidate companions and were in good agreement with the conclusions of previous studies on the bound nature of the other seven companions. We also determined the second candidate companion to HAT-P-7 found by Narita et al. (2012) to be a background object. For all systems, we provide updated astrometric measurements as well as estimated masses and physical separations for the observed companions. We find that most of the detected companions are massive enough to excite Kozai-Lidov oscillations on giant planets forming within 5 AU.
Our companion fraction is consistent with previous NIR direct imaging surveys of stellar companions around transiting planet hosts. We correct for survey sensitivity and find that close-in transiting gas giant planetary hosts are approximately twice as likely to have at least one stellar companion with 50 AU a 2000 AU as compared to field stars, although the significance of this difference is only 2.8 σ. We find that the companion fraction for systems hosting a transiting gas giant planet on a misaligned or eccentric orbit is indistinguishable from the companion fraction for systems hosting a planet on a well-aligned and circular orbit. This is consistent with other results that suggest hot Jupiters may not primarily migrate via the Kozai-Lidov mechanism (Dawson et al. 2015; Naoz et al. 2012; Petrovich 2015) . We also recalculate the companion fractions for our two sub-samples using only stars hotter than 6200 K, as it has been suggested that tidal evolution might be able to remove primordial spin-orbit misalignments for planets orbiting cooler stars. We find that there is no evidence for a correlation between the presence of a stellar companion and spin-orbit misalignment of the transiting hot Jupiter, in good agreement with our results for the full sample. Finally, we calculate the companion frequency for the overall sample as a function of host star temperature and find that stars hotter than 6200 K have a companion rate that is approximately two times larger (2.9 σ significance) than their cool counterparts, consistent with surveys of stellar multiplicity (Duchêne & Kraus 2013) .
We conclude that the data are consistent with two possible scenarios and discuss them here. First, stellar companions may not play a role in the determination of hot Jupiter spin-orbit misalignments. This would be consistent with the planet-planet scattering scenario (e.g. Chatterjee et al. 2008; Nagasawa et al. 2008; Wu & Lithwick 2011; Beaugé & Nesvorný 2012; Lithwick & Wu 2014) . However, our radial velocity survey in Knutson et al. (2014) found no correlation between the presence of a long term radial velocity acceleration and the spin-orbit alignment of the inner transiting planet. Other proposed orbital obliquity excitation mechanisms that do not require a companion star include misalignment of the natal disk's angular momentum vector with respect to the stellar spin axis due to chaotic star formation (Bate et al. 2010; Thies et al. 2011; Fielding et al. 2014) , magnetic warping torques due to the primary star's magnetic field (Lai et al. 2011) , and modulation of stellar surfaces by internal gravity waves (Rogers et al. 2012 (Rogers et al. , 2013 (Malmberg et al. 2007b) . In other words, the companions we observe today may not be the ones responsible for the facilitation of hot Jupiter misalignments. In this scenario, a majority of planetary systems should form from disks with random alignments, regardless of whether or not there is currently a stellar companion present. This prediction can be tested by measuring the spin-orbit alignment of a large number of coplanar, multi-planet systems such as those detected by the Kepler survey. If a significant fraction of these systems are misaligned even when no stellar companion is present, it would provide strong support for the ubiquity of primordial disk misalignments, which could also explain the observed population of misaligned hot Jupiters. Morton & Winn (2014) present the framework for such a test.
Whatever the favored scenario may be, it must also be consistent with the increased frequency of misaligned hot Jupiters found around hot stars. If a stellar companion is not responsible for misalignment, then tidal evolution of the star-planet pair, which proceeds at an enhanced rate around cooler stars, could give rise to the observed trend (e.g. Winn et al. 2010; Lai 2012; Valsecchi & Rasio 2014) . However, this mechanism has been recently criticized by Rogers & Lin (2013) , who argue that such a process requires an unphysical set of assumptions, and would generally lead to a misalignment distribution that is inconsistent with the observed one. Alternatively, magnetically facilitated disk-star coupling may cause cooler stars to realign with their disks (Spalding & Batygin 2014b), signaling constancy with the second scenario where protoplanetary disks are misaligned by transient stellar companions at early times.
The apparent enhancement in the companion fraction for our sample of transiting planets versus that of field stars is suggestive, and may indicate that these companions play a role in the migration process. Intriguingly, Law et al. (2014) found tentative evidence that in the Kepler sample, short period gas giant planets are more likely to have stellar companions than their more distant counterparts, which is also consistent with the idea that these companions play a role in planet migration. In addition, when considering the companion fraction found in our radial velocity survey (Knutson et al. 2014) , we find that the overall rate of both planetary and stellar companions in systems with close-in transiting gas giant planets is 72% ± 16%, suggesting that these systems frequently have companions that may interact dynamically with the short-period planet.
In the future, we plan to survey a larger sample of planets detected using the radial velocity technique, which will span a much broader range of semimajor axes than any of the transiting planet surveys. A number of sources show long-term Doppler accelerations indicating the presence of outer companions, and Keck AO imaging has been demonstrated as a successful technique for identifying faint stellar and substellar companions based on the existence of such "trends" (Crepp et al. 2012) . These data should provide a more definitive test of the potential correlation between multiplicity and orbital semimajor axis of the inner planet. We also plan to expand our sample of hot Jupiter systems with AO imaging, in order to reduce the uncertainties in our estimate of the stellar companion rate for these systems. This work was based on observations at the W. M. Keck Observatory granted by the California Institute of Technology. We thank the observers who contributed to the measurements reported here and acknowledge the efforts of the Keck Observatory staff. We extend special thanks to those of Hawaiian ancestry on whose sacred mountain of Mauna Kea we are privileged to be guests. The Astronomical Journal, 146, 9 Albrecht, S., Winn, J. N., Johnson, J. A., et al. 2011 , The Astrophysical Journal, 738, 50 -. 2012 , The Astrophysical Journal, 757, 18 Anderson, D. R., Collier Cameron, A., Gillon, M., et al. 2011 , Astronomy & Astrophysics, 534, A16 Bakos, G. A., Pál, A., Torres, G., et al. 2009a , The Astrophysical Journal, 696, 1950 Bakos, G. A., Howard, A. W., Noyes, R. W., et al. 2009b , The Astrophysical Journal, 707, 446 Bakos, G. A., Torres, G., Pál, A., et al. 2010 , The Astrophysical Journal, 710, 1724 Bakos, G. A., Hartman, J., Torres, G., et al. 2011 , The Astrophysical Journal, 742, 116 Bakos, G. A., Hartman, J. D., Torres, G., et al. 2012 Astronomical Journal, 144, 19 
